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INTRODUCTION

Lophophora wiHiamsii (Lem. ex Salm-Dyck) J.M. Couk. (Cactaceae) —commonly known as peyote— is a small,

spineless, globular cactus of northeastern Mexico and adjacent Texas (Fig. 1). It is of cultural and economic

importance for its use as the religious sacrament of the Native American Church (NAC). The harvested crowns

of peyote plants, either fresh or dried, are ingested orally as the sacrament in NACceremonies. Although L.

williamsH contains over 50 alkaloidal substances (Anderson 1996), such spiritual use of the plant is evidently

based largely on the psychoactive properties of an adequate dosage of its principal alkaloid, mescaline (Huxley

1955). The supply of peyote to registered NACmembers is available through regulated channels involving the

Texas Department of Public Safety and a very small number of licensed peyote distributors —currently there

are three —who purchase their supply from agents (peyoteros) who harvest peyote from wild populations in

South Texas. The peyoteros are paid by the piece, according to the number of buttons harvested and delivered

to the place of business of a peyote distributor.

Over the past few decades peyote has become scarce in many parts of its historical geographic range. The

largest part of the reduction in peyote population size is clearly habitat destruction associated with urban

sprawl and adverse agricultural practices, notably root-plowing, which uproots and kills peyote along with the

native brush, effectively exterminating the peyote along with the associated plants of its natural habitat, so that

the damage to peyote in a root-plowed tract is absolute and permanent. Another major cause of the decline of

peyote is overharvesting of the plant for ceremonial use by the NAC. Overharvesting of peyote has several dif-

ferent adverse effects on the wild populations:

(1) It reduces the harvestable population size, and selectively removes the largest crowns first, as these are

most valued in the peyote market.

(2) That reduces the quantitative reproductive output of the population, as a direct consequence of the removal

of the largest crowns that produce most of the seed in an unharvested population. In terms of population

genetics, while such selective harvesting of the largest plants maynot have a marked short-term effect on

population size (assuming good harvesting practices, benign weather, and consequently a low mortaUty

rate in harvested individuals), it has the immediate effect of reducing the effective population size.

(3) Concomitantly, there is a qualitative genetic loss in the selective loss of seed production from the oldest in-

dividuak, which are ipso facto best adapted to local conditions. That loss may be temporary, if the har-

vested plants survive to produce regrowth buttons that are allowed to mature after a few years, or it may

be ^rmaiient, if mortality occurs in the old plants due to repeated harvesting of regrowth buttons (Terry

(4) The phenomenon of post-harvest regrowth of new crowns arising from areoles of the subterranean stem

(Terry & Mauseth 2006) temporarily increases the number of crowns in the population, but severely
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total combined weights of crowns in the population (Terry et aL

(5) The decreased size of peyote buttons available to the NACmeans that an individual in an NACpeyote cer-

emony must consume more buttons to equal the weight of the smaller number of buttons that would be

consumed if mature crowns were available. This leads to a vicious circle of more frequent harvesting to

supply the demand for greater numbers of buttons, which leads to the early harvesting of yet smaller

buttons-but now fewer, as the overharvested plants exhibit signs of decreased energy reserves for the

producuon of more new crowns Mowing repeated harvesting at two-year intervals (Terry et al. 2012)-

(6) Lookmgatthe quality of peyote for ceremonialuseinpurelypharmacological terms, there wouldappearto
be yet another disadvantage to regrowth buttons for ceremonial use apart from their small size, and that

is the ^bility that the dry-weight concentration of mescaline in the small regrowth buttons is sub-

stantiaUy lower than in mature peyote crowns, which now constitute a minor percentage of the total of-

fering in the regulated peyote market.

Accordingly, the purpose of the current study was to • address the hypothesis that small regrowth
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the aqueous and dichloromethane layers were then allowed to separate overnight. The rationale was that pro-

tonated phenethylamines such as mescaline and protonated tetrahydroisoquinolines such as pellotine remain

in the acidified aqueous layer, while less polar substances dissolve preferentially in the dichloromethane layer.

The latter, containing fats and other nonpolar comp)ounds, was drained out of the separatory funnel and set

aside. Two additional defatting extractions of the remaining acidified aqueous phase in the separatory funnel

were done, each with 50 mLof dichloromethane, and in each case the aqueous and organic layers were allowed

to separate, whereupon the dichloromethane phase was drained from the separatory funnel and discarded.

After the third defatting extraction of the acidified aqueous phase, the aqueous phase was drained from

the separatory funnel into a beaker, and its pH was raised from 3 to 12 with sodium hydroxide (5 M), in order

to deprotonate close to 100% of the mescaline (pK^ = 9.5). The alkalinized aqueous extract was then poured

into a separatory funnel, and 50 mLof dichloromethane was added. The rationale was that alkalinizing the

aqueous phased in this classic acid-base cleanup procedure was that the deprotonated alkaloids would nowbe

more soluble in the nonpolar dichloromethane than in water. The organic and aqueous phases were mixed well

and left to separate. The dichloromethane layer was drained into a 200-mL beaker and saved. Another 50 mL

of dichloromethane was then added to the remaining alkaline aqueous phase in the separatory funnel. Upon

separation of the organic and aqueous phases, the organic phase was added to the first dichloromethane ex-

tract, and the combined extracts were left in a hood at room temperature to evaporate to dryness. The residue,

containing the mescaline and related alkaloids, was then redissolved in 10.0 mLof methanol and stored in the

freezer in a sealed vial. Samples of the two extracts (Small Regrowth and Mature) were run on an Agilent 1260

Infinity HPLCwith a diode-array detector (G4212B) set at 205 nm, using 70%methanol (HPLC grade) as the

mobile phase, and a Phenomenex Gemini 5p CIS column as the stationary phase. Samples of 1.0 pL were in-

jected with a flow rate of 1.0 mL/min and run for 30 minutes. Each of the two samples of alkaloid extract, after

appropriate dilution to obtain on-scale HPLCpeaks, was run three times, and the values of area under the

curve (AUC) of the three runs per sample were averaged. Appropriate dilutions were made of mescaline stan-

dard and run on the HPLCthree times under the same conditions described above, to create a standard curve.

The mean AUCvalue for each sample of alkaloid extract was then interpolated on the standard curve to yield

the corresponding weight (in pg) of mescaline in the HPLCsample of alkaloid extract. From the latter value

(one such concentration value per sample group), we calculated the original concentration of mescaline in the

homogenized desiccated tissue sample from the Small Regrowth group and in that of the Mature group.

Confirmation of the identity of mescaline in these samples was achieved with GC/MS. A sample metha-

nol extract of L. wlliamsii from this study was evaporated to dryness under an stream at room temperature,

and the residue dissolved in dichloromethane for analysis. The instrumentation was an Agilent 6890 GC
equipped with a DB-5ms (0.25 mml.D. x 30 m) column, splitless injection (250°) and an Agilent 5972 MSD
(transfer line at 275°), operated in full scan mode. Helium was used as the carrier, and the oven program was

70° (with a 1-min hold), then 20°/mm to 250°, with a final hold. The mescaline peak had an identical retention

time to that of an authentic reference sample, and the mass spectrum matched a spectrum in the NIST database

(Stein et al. 2005) with 93.5% probability of best match.

Group mescaline concentrations for the Small Regrowth and Mature groups sampled are presented in Table 1.

Thegroup values rqx«ed are physicalaveragesresuhingfron. the within-grouppoolingandhomorn^^^
of tissue Mrnples of the Individual plants sampled and are not statistical means. (A forthcoming manuscript

ftontour lab »ill report mescaUnecoucentralion data onasubstantially larger number of individuaU in differ-

enthfeslages and size iauges.withstalistical analysis of individualvalues of mescaline concentrationincrcwo
nsst^.) Mesealme concentrations »ere 3,80 g/lOOg tissue in the Mature group and 2.01 g/100 g tUsue in d*
Small R^rowth group, based ontissuesamples>2gfreshweighl from lOindividualsinthe Mature group and

14 individuals mthe Small Regrowth group. The difference between these levels amounted to a 47%reduction

3 the Mature group. A gas chromatogwffl
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